Abstract. Almost the totality of the bright foreground sources in the WMAP Cosmic Microwave Background (CMB) maps are blazars, a class of sources that show usually also X-ray emission. However, 23 objects in a flux-limited sample of 140 blazars of the WMAP catalog (first year) were never reported before as X-ray sources. We present here the results of 41 Swift observations which led to the detection of all these 23 blazars in the 0.3-10 keV band. We conclude that all micro-wave selected blazars are X-ray emitters and that the distribution of the micro-wave to X-ray spectral slope (αµx ) of LBL blazars is very narrow, confirming that the X-ray flux of most blazars is a very good estimator of their micro-wave emission. The X-ray spectral shape of all the objects that were observed long enough to allow spectral analysis is flat and consistent with inverse Compton emission within the commonly accepted view where the radiation from blazars is emitted in a Sychrotron-Inverse-Compton scenario. We predict that all blazars and most radio galaxies above the sensitivity limit of the WMAP and of the Planck CMB missions are X-ray sources detectable by the present generation of X-ray satellites. An hypothetical all-sky soft X-ray survey with sensitivity of approximately 10 −15 erg cm −2 s −1 would be crucial to locate and remove over 100,000 blazars from CMB temperature and polarization maps and therefore accurately clean the primordial CMB signal from the largest population of extragalactic foreground contaminants.
Introduction
Blazars are a type of AGN whose nuclear emission is dominated by strong non-thermal radiation that extends across the entire electromagnetic spectrum, from radio frequencies to the most energetic γ-rays. The typical observational properties of blazars include irregular, rapid and often very large variability, apparent superluminal motion, flat radio spectrum, and large and variable polarization at radio and optical frequencies. These unusual properties are thought to be due to electroSend offprint requests to: paolo.giommi@asi.it magnetic radiation emitted in a relativistic jet viewed closely along the line of sight (Blandford & Rees (1978) , Urry & Padovani (1995) ). There are two types of blazars: BL Lacertae objects (or BL Lacs) that show no or very weak emission lines in their optical spectrum and Flat Spectrum Radio Quasars (FSRQs) whose spectrum includes all the broad emission lines typically seen in radio quiet AGN.
Traditionally, this type of sources has been found either in radio surveys or as counterparts of X-ray sources. More recently a significant number of new blazars have also been discovered at optical frequencies (e.g., Collinge et al. (2005) ).
The broad-band electromagnetic spectrum of blazars is composed of a synchrotron low-energy component that peaks [in a Log(νf (ν)) − Log(ν) representation] between the far infrared and the X-ray band, followed by an inverse Compton component that has its maximum in the hard X-ray band or at higher energies, depending on the location of the synchrotron peak, and extends into the γ-ray or even the TeV energy band. Blazars with the synchrotron peak located at infrared frequencies are usually called Low energy peaked Blazars or LBL, while objects where the synchrotron emission reaches the UV/Xray band are called High energy peaked Blazars or HBL (Padovani & Giommi (1995) ). HBLs are almost exclusively of the BL Lac type, whereas LBL sources are both FSRQs and BL Lac objects and make up the large majority of the blazar population (e.g. Padovani et al. (2003a) , Giommi et al. (2006a) ).
The micro-wave band is particularly effective for the selection of blazars, as in this energy region the flat spectrum emission from these sources is not diluted by steep non-nuclear components that are often observed at cm wavelengths. However, until very recently no surveys had sufficient sensitivity, contrast, and resolution to distinguish faint foreground sources from the much stronger Cosmic Microwave Background. The Wilkinson Microwave Anisotropy Probe (Bennett et al. (2003a) ), which is dedicated to the accurate measurement of the primordial fluctuations of the CMB at small angular scales, is the first experiment to provide such a capability. A catalog of 208 bright foreground sources was produced by Bennett et al. (2003b) by using the data from the first year of WMAP data. Giommi & Colafrancesco (2004) have shown that the large majority of these sources (>85%) are blazars. These authors also showed that a large number of fainter, non-resolved blazars can contaminate the primordial CMB fluctuation spectrum in a nonnegligible way.
Although blazars only represent a small minority of the entire AGN population, their strong emission at all wavelengths allow them to stand out in those energy bands where other types of AGN are "quiet". Some of these spectral windows are presently poorly explored but are rapidly becoming the subject of extensive studies by current and near future satellites like WMAP, Planck (Giommi & Colafrancesco (2004) ), AGILE and GLAST (Giommi et al. (2006a) ).
The Swift Gamma-Ray-Burst (GRB) Explorer (Gehrels et al. (2004) ) is a multi-frequency, rapid response space observatory that was launched on November 20, 2004. To fulfill its purposes Swift carries three instruments on board: the Burst Alert Telescope (BAT, Barthelmy et al. (2005) ) sensitive in the 15-150 keV band, the X-Ray Telescope (XRT, Burrows et al. (2005) ) sensitive in the 0.2-10.0 keV band, and the UV and Optical Telescope (UVOT, Roming et al. (2005) ). The Swift observation program is fully dedicated to the discovery and rapid follow up of GRBs. However, as these elusive sources explode at random times and their frequency of occurrence is subject to large statistical fluctuations, there are periods when Swift is not engaged with GRB observations and can be used for other scientific purposes. In this context we have started a program to observe and monitor samples of blazars selected to represent different aspects of this class of sources.
In this paper we report the observations of a sample of 23 blazars detected at micro-wave frequencies by the WMAP satellite (Bennett et al. (2003a) ) that had no previous X-ray observations, and that were not detected in the Rosat all Sky Survey. The XRT instrument on board Swift is particularly suitable for this project as it provides great flexibility and sufficient sensitivity to detect and determine the spectral shape of sources as faint as ≈ 10 −13 erg cm −2 s −1 in short exposures.
Sample description
The blazar content of the WMAP catalog of bright foreground sources (Bennett et al. (2003b) ) is described in Giommi & Colafrancesco (2004) and Giommi et al. (2006a) . Out of the 208 sources in the catalog, 164 are previously known blazars, 13 are radio galaxies, 5 are steep spectrum radio QSOs and 2 are starburst galaxies; 17 sources still remain unidentified. The only objects in the WMAP catalog identified with Galactic sources are 2 planetary nebulae, whereas 5 objects have no radio counterparts at 1.4 or 5 GHz and are probably spurious. This sample of blazars is flux limited at micro-wave frequencies and includes objects with rich multi-frequency observational data, especially at radio, optical, and X-ray frequencies. About 35 objects are also included in the 3 rd EGRET catalog of gamma-ray sources (Hartman et al. (1999) , Giommi et al. (2006a) ).
Within this sample, 42 objects have never been reported as X-ray sources and have no counterpart in the ROSAT all sky X-ray survey (Voges et al. (1999) ). In the following, we consider the subset of 23 X-ray undetected WMAP sources identified with blazars that have microwave flux larger than 0.8 Jy at 41 GHz. This sample includes less than 20% of all the 140 identified blazars in the WMAP catalog that satisfy the above flux limit. The list of sources is given in Tab. 1 where column 1 gives the source name, column 2 gives the source number in the WMAP catalog, columns 3 and 4 give the right ascension and declination for the J2000.0 equinox, column 5 gives the redshift (when available), column 6 gives the radio flux density at 5GHz, column 7 the micro-wave flux density at 41 GHz from the WMAP catalog, column 8 gives amount of Galactic N H estimated from 21 cm measurements (Dickey and Lockman (1990) ), and column 9 gives the blazar type (FSRQ or BL Lac)
Swift XRT observations
Swift performed a total of 41 observations for the blazars listed in Tab. 1.
The XRT is usually operated in Auto State mode which automatically adjusts the readout mode of the CCD detector to the source brightness, in an attempt to avoid pile-up (see, for details of the XRT observing modes Burrows et al. (2005) , Hill et al. (2004) ). Given the low count-rate of our blazars most of the data were collected using the most sensitive Photon Counting (PC) mode; Windowed Timing (WT) mode was used in some cases with very short exposures.
We reduced the XRT data using the XRTDAS software (v1.8.0) developed at the ASI Science Data Center (ASDC) and distributed within the HEAsoft 6.0.5 package by the NASA High Energy Astrophysics Archive Research Center (HEASARC). We selected photons with grades in the range 0-12 and used default screening parameters to produce level 2 cleaned event files.
Image analysis and X-ray fluxes
X-ray images were accumulated from level 2 (cleaned and calibrated) event files, accepting photons with energy between 0.3 and 10 keV. Source count-rates were estimated using the DETECT routine within the XIMAGE.V 4.2 package. Net counts were then converted into flux assuming a power law spectrum with photon index equal to 1.5 and setting the amount of photoelectric absorption (N H ) equal to the Galactic value along the line of sight (see Tab. 1). Table 2 summarizes the results. Column 1 gives the blazar name, column 2 gives the observation date, column 3 the XRT net exposure in seconds, column 4 gives the count-rate in the 0.3-10 keV energy range, columns 5 and 6 give the observed X-ray flux in the 0.5-2 and 2-10 keV bands respectively, and column 7 gives the micro-wave (94 GHZ) to X-ray (1 keV) slope defined as follows:
where f 1keV is the de-absorbed flux at 1 keV, k-corrected assuming a power law spectral slope of 1.5, and f (94GHz) is the WMAP flux density at 94 GHz when available, or an extrapolation to 94 GHz of the 41 GHz flux given in Tab. 1 assuming a spectral slope α r = 0.4 (f ∝ ν −αr ). All sources were detected above the 3-sigma confidence level, with the exception of S4 2121+614, for which the X-ray fluxes is at the ≈ 2.1-sigma confidence level.
The X-ray fluxes of columns 5 and 6 are fairly low, but typical of LBL blazars with similar radio fluxes. We verified this by comparing the distribution of the α µx values listed in column 7 of Tab. 1 to the distribution of the same parameter in the sample of WMAP blazars detected both at 94 GHZ and in the X-ray band considered by Giommi et al. (2005) (see Fig.1 ). All values of α µx in Tab. 1 are within the range observed in the sample of Giommi et al. (2006a) , the two distributions (solid and dashed lines in Fig. 1 ) are similar, and the average value of 1.10 ± 0.2 is consistent with the average value (1.07) in the sample of Giommi et al. (2006a) .
Spectral analysis
Spectral deconvolution can be performed only on those objects that were observed long enough to allow the detection of at least 130 photons in single or (when possible) merged observations. Table 3 list the subset of the XRT observations reported in Tab.2 for which we have found more than 130 photons in single and/or merged observations; the dates for the considered observation are reported in column 2 of Tab.3. The photon indices for the single and merged observations are reported in col.3 of this table and are labelled with the suffix ( a ) when the spectra are obtained from merged observations. Spectra were extracted from a circular region around the source with radius of 20 pixels, which includes 90% of the source photons. In order to use χ 2 statistics, spectra were rebinned to include at least 20 photons in each energy channel. We used the XSPEC11.3 package and, given the very limited statistics, we only fitted the data to a simple power law spectrum with low energy absorption (N H ) fixed to the Galactic value in the direction of each source. A 5% systematic error was included to take into account calibration uncertainties (Campana et al. 2006) . The results are reported in Tab. 3 where column 1 gives the blazar name, column 2 gives the observation date, column 3 gives the best fit photon index with one sigma errors, column 4 the reduced χ 2 and column 5 the number of degrees of freedom. Best fit spectra were de-reddened using the cross sections of Morrison & McCammon (1983) and included in the Spectral Energy Distributions (SEDs) shown in Figs. 2 through 4 that were built with non-simultaneous multifrequency data taken from NED and other catalogs available at the ASDC.
For the objects for which we collected between 50 and 130 photons in each single observation listed in Tab.2, a (power law) spectral slope was estimated from the hardness ratio between the 0.5-2.5 keV and the 2.5-10 keV band. In this case, no observation merging has been adopted in the spectral analysis. Again the amount of N H was assumed to be equal to the Galactic value. The results are reported in Tab. 4 where column 1 gives the source name, column 2 the observation date, columns 3 and 4 the count-rates in the 0.5-2.5 and 2.5-10.0 keV bands, column 5 gives the (photon) spectral index derived from the hardness ratio. In all cases the spectral slopes are flat, consistent with the values obtained from the brighter sources, and indicative of inverse Compton emission.
X-ray flux variability
We searched for time variability both within single observations and in between separate exposures whenever a Fig. 1 . The observed distributions of broad-band spectral slopes between the micro-wave (94 GHZ) and X-ray (1keV) bands of the sample of blazars detected in the 94 GHz WMAP channel and for which X-ray data were available before our Swift observations (solid line, adapted from Giommi et al. (2006a) ) and of the sample presented here (dashed line).
source was observed more than once. No significant rapid variability (i.e. within single exposures) was detected in any source. Some marginal evidence for flux variability within a factor of 2.2 ± 0.2, and 1.8 ± 0.3 was only found between separate observations of the sources 1Jy 2227−088 and 1Jy 1424−418.
Swift UVOT observations
The Swift Ultraviolet and Optical Telescope (UVOT Roming et al. (2005) ) is a 30 cm telescope equipped with two grisms and six broadband filters. UVOT is normally operated taking exposure with all filters during each Swift observation, unless a very bright (mV< 12) object is present in the field of view.
The data of all WMAP sources that were sufficiently bright to be detected by UVOT in at least one filter were reduced with the SWIFTTOOLS software available within the standard HEASOFT software package.
Photometry was performed using a 6" aperture radius for the V, B and U filters and 12" radius for the UVW1, UVM2 and UVW2 filters. The raw counts extracted in each aperture after correction for the coincidence loss (similar to photon pile-up in X-ray CCDs), were converted into standard magnitudes using the latest UVOT in-orbit zeropoint values (see eg. Roming et al. 2005a and reference therein for a full discussion about UVOT calibration procedures and photometric accuracy in each filter).
The magnitude were de-reddened using the maps of Schlegel et al. (1998) and the extinction curve of Cardelli et al. (1989) for the optical filters (V, B and U) and those of Seaton (1979) for the UV filters (UVW1, UVM2 and UVW2A). The extinction corrected magnitudes were then converted to fluxes using the convertion factors included in the UVOT calibration data.
All useful data have been plotted as part of the SEDs shown in Figs. 2 through 4 ; the results of the UVOT observations of the brightest blazars are also reported in Tab. 5, where we report the Blazar name (col.1), the UVOT observation date (col.2), the UVOT filter (col.3) and the observed magnitude (col.4).
Summary and Discussion
We have presented in this paper the results of 41 Swift observations of all the 23 micro-wave-selected blazars that were never reported as X-ray emitters in a 41 GHz fluxlimited sample of 140 blazars detected as bright WMAP foreground sources.
The main motivations that prompted this study are: i) establish the X-ray properties of a statistically representative sample of micro-wave selected blazars that are known to contaminate in a non-negligible way CMB fluctuation maps, ii) verify or exclude the existence of a population of X-ray quiet blazars, iii) compare the X-ray properties of these sources with those of blazars selected in different energy bands, and iv) complete the X-ray measurements of a micro-wave flux-limited sample of blazars that is useful for multi-frequency statistical studies.
We found that all blazars were clearly detected by the Swift X-Ray Telescope even in very short exposures. The observed 2-10 keV fluxes range between 2.2 × 10 −13 and 5.1 × 10 −12 erg cm −2 s −1 and are well within the expectations for LBL type blazars with radio flux densities close to 1 Jy. We therefore conclude that there is no evidence for a population of X-ray quiet blazars.
The X-ray spectral slopes of the objects for which spectral analysis was possible are flat, typical of inverse Compton emission as can be seen from Tabs. 3 and 4 and from the SEDs shown in Figs. 2, through 4 . In fact, all the SEDs shown in Figs. 2 through 4 clearly show that all our objects are of the LBL type with the Swift XRT X-ray data sampling the rise of the Inverse Compton emission, while the UVOT data represent either the tail of the synchrotron component or, in some cases, the UV blue bump.
We have also looked for time variability in our data since flux variations of the inverse Compton component of blazars is not well known, as most of the blazars that have been monitored at these frequencies are of the HBL type. We found that no rapid variability was detected in any source. For the sake of completeness, we mention that fairly large X-ray flux variations have been, however, observed in the inverse Compton emission from e.g. 3C273 and 3C279 (Turner et al. (1990) , Ballo et al. (2002) , Giommi et al. (2002a) , Courvoisier et al. (2003) ) but only in exposures separated by months or years. Large variations (of a factor of a few) on time scales of days, were also recently detected in the LBL blazar 3C 454.3 by the Swift XRT in a series of observations carried out during a giant optical and X-ray flare (Giommi et al. (2006b) , Pian et al. (2006) ).
Since the detection of all the 23 objects considered in this work brings the detection rate in the X-ray band to 100% of the 140 WMAP confirmed blazars with 41 GHz flux larger than 0.8 Jy, we can safely conclude that all micro-wave selected blazars are X-ray sources with radio to X-ray flux ratio similar to that of blazars selected at GHz frequencies, and in general of LBL blazars.
The micro-wave to X-ray spectral slopes (α µx , see Eq. 1) of our sources are all within the very tight range seen in the sample of WMAP sources considered by Giommi et al. (2006a) . We therefore confirm that the α µx distribution of all WMAP blazars of the LBL type (≈85 % of the entire population) is very narrow and, consequently, that the X-ray flux is a very good estimator of the micro-wave flux.
This result may also apply to radio galaxies as the average α µx of the 6 objects of this type included both in the WMAP catalog and in the Rosat all sky survey is 1.04, very similar to that of blazars ( α µx = 1.07). We note, however, that the soft X-ray emission in radio galaxies is not necessarily dominated by inverse Compton radiation as it may include other components like, e.g., radiation from an accretion disk, etc. The α µx distribution of radio galaxies could therefore have a lower average and, probably, a wider dispersion.
As shown by Giommi & Colafrancesco (2004) and by Giommi et al. (2006a) , blazars are the main foreground contaminants of CMB anisotropy maps and can alter the reconstruction of the CMB fluctuation spectrum in a significant way. The measurement of the X-ray flux of blazars and radio galaxies over a large area of the sky would therefore be extremely useful to locate a large number of these sources and to determine their clustering properties. Giommi et al. (2006a) showed that a deep all sky survey with flux limit of the order of 10 −15 erg cm −2 s −1 in the soft X-ray band would detect well over 100,000 blazars, a database that could be used to perform a careful cleaning of high sensitivity CMB data from Planck and future CMB missions. This data set would also be ideally suited for a detailed estimate of the spatial correlation function of blazars and radio galaxies; this information could be used to infer the residual impact of even fainter objects of this type on the CMB temperature and polarization fluctuation spectrum.
The observations presented here provide valuable optical/UV and X-ray data for most WMAP blazars that lacked this type of broad-band multi-frequency information. The WMAP micro-wave flux-limited sample of blazars complements the few existing and statistically well defined samples selected at other frequencies like e.g. the 1Jy BL Lac sample (Stickel et al. (1991) ), the EMSS (Rector et al.(2000) ), the Einstein Slew survey (Elvis et al. (1992) , Perlman et al. (1996) ) etc. Complete/flux limited samples with extensive multifrequency data are very important for the investigation of blazar statistical properties from different viewpoints: a particularly interesting and relatively new one is the γ-ray band that is about to be deeply explored by the upcoming AGILE and GLAST missions. 2.9 × 10 −12
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